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The NIH Toolbox Cognition Battery: Results from a Large Normative

Developmental Sample
The NIH Toolbox for Assessment of Neurological and Behavioral Function SM was commissioned by the NIH Blueprint for Neuroscience Research to provide brief, efficient, and highly accessible tests to measure cognitive and emotional health, and provide a "common currency" for neurological research (Gershon et al., 2010) . The NIH Toolbox divides tests into four domain batteries: Cognition, Sensation, Motor, and Emotion. The NIH Toolbox Cognition Battery (NTCB) was designed to tap key functions (executive function, attention, episodic memory, working memory, language, and processing speed) across the lifespan (ages 3 to 85 years). This computerized approach provides an economical method for assessing a wide range of cognitive abilities, which is appealing for large-scale studies. For pediatric studies, this also has the advantage of providing the same set of measures for use with young children, older children, and adolescents in an appealing format that provides automated data collection, storage, and scoring.
Here we describe the age-related changes in performance on the NTCB from a large normative sample of 1000+ individuals ranging in age from 3 to 20 years. These data were collected as part of the Pediatric Imaging, Neurocognition, and Genetics (PING) Study. PING is a data resource that also includes highly standardized and carefully curated MRI data and genome-wide single nucleotide polymorphism (SNP) data, as shown in recent publications (Bakken et al., 2012; Brown et al., 2012; Fjell et al., 2012; Walhovd et al., 2012) . By openly sharing these data, PING will allow researchers to examine links between the development of cognitive functions, genetic variation, and patterns of brain structure and connectivity in typically developing individuals. This normative dataset can also be compared with future pediatric study samples, particularly if the same test protocols are used.
Cognitive abilities change dramatically from the time children are entering preschool to when they reach young adulthood. These age-related changes do not typically exhibit linear or other simple polynomial relationships. The complex relationship between these maturational changes in cognitive abilities and corresponding changes in brain structures and neural networks has been examined in studies that employ multiple MRI modalities (Casey, Tottenham, Liston, & Durston, 2005; Jernigan, Baare, Stiles, & Madsen, 2011) . After controlling for age, a variety of factors also contribute to differences in neurocognitive performance across individuals. Cognitive abilities across and within various developmental periods can vary between males and females. Sociodemographic factors, such as selfreported family income and race/ethnicity, help to explain a significant proportion of the variance in test performance (Mezzacappa, 2004; Noble, McCandliss, & Farah, 2007; Noble, Norman, & Farah, 2005; Waber, Carlson, Mann, Merola, & Moylan, 1984; Waber et al., 2007; Waber, Forbes, Almli, & Blood, 2012) . Level of formal education is a significant predictor of test performance in adulthood (e.g., Heaton, Miller, Taylor, & Grant, 2004; Heaton, Taylor, & Manly, 2003) but age and education are almost totally confounded in children and adolescents. Parental level of education is a significant predictor of IQ and academic achievement in children (Breslau et al., 2001; Cirino et al., 2002) and therefore represents a more useful variable for investigation in pediatric studies. Failure to account for these factors in the interpretation of test scores can bias conclusions in clinical settings and threaten the validity of study results. As such, the influence of these various factors (sex, parental education, family income, and race/ethnicity) on age-related changes in NTCB was a critical focus of the current study. Specifically, we hypothesized that NTCB scores would show nonlinear effects of age, and that models that include this type of sociocultural information would perform significantly better than those that do not in the prediction of NTCB scores.
Estimating the effects of sociocultural factors within a highly diverse sample such as PING is challenging. The multi-site design produced a sample in which participants came from many different ethnic communities and many had mixed backgrounds. Because genotype information was available for the PING participants, we chose to use a set of genetically derived estimates of racial ancestry to estimate effects that could reflect differences in sociocultural background. We utilized a general additive model (GAM) regression methodology to provide flexible, data-driven estimates of the relationship between outcomes and age, rather than a strictly parametric approach such as polynomial regression. GAMs allow for potential nonlinear effects of independent variables on outcomes; the nature of the nonlinearity and degree of smoothness is data-determined for each independent variable (Hastie & Tibshirani, 1986; Wood, 2006) .
Method Participants
Participants were recruited through local postings and outreach activities conducted in the greater metropolitan areas of Baltimore, Boston, Honolulu, Los Angeles, New Haven, New York, Sacramento, and San Diego. The human research protections programs and institutional review boards at the 9 institutions participating in the PING project approved all experimental and consenting procedures. For individuals under 18 years of age, parental informed consent and child assent (for those 7 to 17 years of age) were obtained. All participants age 18 years and older gave their written informed consent.
Participants were excluded if there was a reported history of major developmental, psychiatric, or neurological disorders, brain injury, prematurity (i.e., born at less than 36 weeks gestational age), exposure to illicit drugs or alcohol prenatally for more than one trimester, history of head trauma with loss of consciousness for more than 30 minutes, or other medical conditions that could affect development. Individuals with contraindications for MRI studies (such as dental braces, metallic or electronic implants, claustrophobia, or pregnancy) were also excluded from participating. Individuals with identified or suspected learning disability or ADHD were not excluded since these syndromes are fairly common in pediatric populations.
To maintain comparability across analyses, only participants with valid data across all 7 NTCB tests (8 NTCB scores) were included in this study. Data from 118 participants (mean age = 6.33 years) were excluded because they failed to meet the minimum performance criteria (described below) on the Dimensional Change Card Sort Test (n=108), Flanker Inhibitory Control and Attention Test (n=9), and/or List Sorting Working Memory Test (n=13).
Information about socioeconomic status (SES) for each participant was based on the parent's indication of 'highest level of parental education' and 'family annual income' on the PING Study Demographics and Child Health History Questionnaire (participants age 18 to 20.9 were given a self-report version of this questionnaire). Highest level of parental education was categorized into 7 levels (from 'Less than seven years of school' to 'Professional'). The measure was defined as the highest level among those reported for either parent or guardian. Family annual income was categorized into 12 levels (from '< $5,000' to '$300,000 and above').
The final sample included 1020 participants between ages 3.0 and 20.9 years from the PING database as of July 5, 2012 who had complete data for the variables of interest. Sample recruitment was distributed across age and sex and was diverse in SES characteristics (see Tables 1 and 2 ).
Information about race and ethnicity was also collected on the PING Study Demographics and Child Health History Questionnaire. For those participants indicating a single racial category, 53.14% were White, 13.14% were African American/Black, 9.71% were Asian, 1.08% Native Hawaiian/Pacific Islander, and 0.88% American Indian/Alaskan Native. The remaining 22% indicated more than one racial category or "Other". Across this sample, 23% of the participants indicated that they were Hispanic/Latino.
To examine and control for the influences of race/ethnicity on test performance, genetic ancestry factors (GAFs) were calculated to estimate the proportion of European, African, American Indian, East Asia, Central Asia and Oceania ancestry for each participant, based on genotype analysis (methods detailed below).
NIH Toolbox Cognition Battery Measures
The validation study version of the NIH Toolbox Cognition Battery was utilized for this study and comprised 7 tests that measure 8 abilities within 6 major cognitive domains (Table  3 ). Details about the development of the test instruments and reliability and validity data for children ages 3 to 15 years are available .
Prior to initiation of data collection the research coordinator from each PING testing site was trained in December 2009 by staff members from the Toolbox Project at Northwestern University. Testing at each PING site was conducted using a standard laptop computer and touchscreen monitor. In order to maintain comparability of reaction times across trials during the Dimensional Change Card Sort and Flanker Inhibitory Control and Attention Tests, participants were instructed during the touchscreen tutorial to place their finger on a blue dot sticker on the 
Dimensional Change Card Sort Test (DCCS)-
The DCCS is the NTCB measure of cognitive flexibility or set shifting. The card sorting version of this test has been used to study the development of executive function in childhood (Beck, Schaefer, Pang, & Carlson, 2011; Zelazo, 2006) . Participants were shown pictorial stimuli on the touchscreen monitor and instructed to match the central test stimuli with one of two lateralized target stimuli on the basis of either shape or color. Test trials consisted of a pre-switch block of 5 trials to be sorted by the last dimension used in the practice block, a post-switch block of 5 trials to be sorted by the other dimension, and a mixed block consisting of 50 trials, including 40 'dominant' and 10 'non-dominant' trials presented in a pseudorandom (fixed) order. Participants had to get 4 out of 5 trials correct in each of the pre-and post-switch blocks to proceed to the next level. The dominant dimension corresponded to that presented in the post-switch block. DCCS scoring was based on the pre-and post-switch blocks and the first 30 trials of the mixed block. A two-vector method was used that incorporated both accuracy and reaction time (RT) for participants who maintained a high level of accuracy (> 80% correct), and accuracy only for those who did not meet this criteria. Each vector score ranged from 0 to 5, for a maximum total score of 10.
Flanker Inhibitory Control and Attention Test-The NTCB version of the Eriksen flanker test (Eriksen & Eriksen, 1974) was adapted from the Attention Network Test (ANT; Rueda et al., 2004) . Participants were required to indicate the left-right orientation of a centrally presented stimulus while inhibiting attention to the potentially incongruent surrounding stimuli (i.e., the flankers). The orientation of the flanking stimuli was congruent with the orientation of the central stimulus on some trials and incongruent on others. Performance on the incongruent trials provides a measure of inhibitory control in the context of visual selective attention (which can also be considered a measure of executive attention). On congruent trials, there is no conflict and no obvious need for inhibitory control (that is, no need for more inhibitory control than is required simply to sustain attention on the task). Performance on these trials can thus be used as an index of sustained attention. The stimuli are divided into two blocks; fish (designed to be more engaging, as well as larger to make the task easier for younger children) and arrows (typical presentation for adults). The test consisted of of 25 fish trials, with 16 congruent and 9 incongruent trials presented in pseudorandom order. Participants who responded correctly on 5 or more of the 9 incongruent trials then proceeded to the arrows block. All children age 9 and above received both the fish and arrows blocks regardless of performance. The Flanker task yielded two scores; an inhibitory control score based on performance on both congruent and incongruent trials, and an attention score based on performance on congruent trials only. Both scores were derived using a two-vector procedure analogous to that used for the DCCS.
Picture Sequence Memory Test (PSMT)-In the PSMT, sequences of pictured objects and activities are presented on a computer screen. There is no inherent order within each sequence of thematically related pictures. The pictures are presented in a specific order that the participant must remember and then reproduce by touching each of the pictures on the touchscreen and placing them in the correct order. Additional details are provided elsewhere .
Three test trials were administered to each participant with the level of difficulty adjusted for different age ranges. A longer sequence was presented on trials 2 and 3 if perfect performance was obtained on the first test trial. Children ages 3 to 5 years were given 6 items (9 items for the longer sequence); ages 5 to 7: 9 items (12 items for the longer sequence); ages 7 to 9: 12 items (15 items for the longer sequence); and ages 9 and older: 15 items (18 items for the longer sequence). The participant's score on PSMT was derived from the cumulative number of adjacent pairs of pictures (i.e., two adjacent pictures placed in consecutive, ascending order) correctly recalled over 3 test trials. As a result, the maximum scores that children in each of these age groups could earn over 3 test trials were 21, 30, 39, and 48, respectively.
List Sorting Working Memory Test-The List Sorting Working Memory Test involves size order sequencing of familiar stimuli . Participants are presented with a series of illustrated pictures on the computer screen along with a recording of the name of the object. The test is divided into the One-List and Two-List conditions. In the One-List condition, participants are told to remember a series of objects (either food or animals) and repeat them in size order, smallest to largest. In the Two-List condition, participants are told to remember a series of objects (food and animals intermixed) and then respond by reporting the food in size order, followed by the animals in size order. Test items for both conditions were presented on the computer screen in a sequential manner. Each test item was a set of 2 strings (Item A & Item B); B was only administered if A was failed. Testing continued until two trials of the same series length were failed. The final List Sorting score consisted of combined total items correct on the One-List and Two-List conditions of the test (maximum = 28 points).
Picture Vocabulary Test-This measure of receptive vocabulary is administered in a computerized adaptive format. Preliminary item calibration was conducted online with 3,190 children ages 3 to 17 . The participant is presented with an auditory recording of a word and four images on the computer screen; the task is to touch the image that most closely represents the meaning of the word. High-resolution color photos selected from the Getty Images library were used as stimuli. The Picture Vocabulary Test included 2 practice items (with feedback from the examiner) followed by 25 test items, the difficulty of which depends on the participant's initial performance. Participant performance was converted to a Picture Vocabulary theta score (ranging from 4 to −4), based on item response theory (Linacre, 2005) .
Oral Reading Recognition Test-In the NTCB version, a word or letter is presented on the computer screen and the participant is asked to read it aloud. Responses are recorded as correct or incorrect by the examiner, who views accepted pronunciations on a separate computer screen. For "pre-readers" and those with low literacy levels, letters and other multiple-choice "pre-reading" items are presented, to best assess the full range of ability across the age range, making the test as accessible as possible for young children. "Ceiling" rules were also implemented to minimize frustration, especially for pre-readers and early readers.
Each participant sees a series of letters and words presented one at a time on the computer screen. Items are presented in order of increasing difficulty. Four test forms were created from 280 items. Depending on age and prescreening performance, between 70 and 125 items were administered to each participant (the adaptive format version of this test was not yet available). Children under the age of 8 were administered Form 1. Form assignment for older participants was based on their performance on the prescreening task, which consisted of 9 words and was discontinued after 3 consecutive errors. Once the form assignment was determined, the computer administered each item one by one, in an untimed fashion, until the last item in the assigned form was completed or the participant made 5 consecutive errors. The Oral Reading score is the total number of items correct.
Pattern Comparison Processing Speed
Test-This test is designed to measure processing speed. Participants are required to discern whether two side-by-side pictures are the same by making a "yes" or "no" decision. Participants ages 3 to 7 were instructed to touch a smiley face on the touchscreen to correspond with a "yes" response and a frowning face to correspond with a "no" response; participants age 8 and older touched a "yes" or a "no" response button on the screen. Before testing, the younger participants were administered 2 sample items and 5 practice items; older participants were administered 6 practice items. After 90 seconds, the test trials were automatically discontinued. The Pattern Comparison score was the sum of correct responses within the 90 sec time limit.
Genetic Ancestry Assessment
We constructed a reference panel by collating genotype data collected for 2,513 individuals of known ancestry from 63 populations around the world using four publicly available sources (the Human Genome Diversity Project (HGDP; Cann et al., 2002) , the Population Reference (POPRES; Nelson et al., 2008) , the International HapMap 3 Consortium (HapMap3; Altshuler et al., 2010) , and the University of Utah dataset (Xing et al., 2009) ). The reference panel was created in a stepwise fashion in order to ensure that the included individuals not be admixed among the six continental populations, and that each continental population be represented by a reasonably large number of diverse individuals originating in the relevant continent. The assembled reference panel contained genotype information at 16,433 strand-unambiguous SNPs. These markers exhibited low LD (r-squared less than 0.1 was observed between 99% of marker pairs) and allele frequency higher than 1%.
To assess ancestry and admixture proportions in the PING participants, we used a supervised clustering approach implemented in the ADMIXTURE software (Alexander, Novembre, & Lange, 2009 ) and clustered participant data into six clusters corresponding to six major continental populations: African, Central Asian, East Asian, European, Native American, and Oceanic. These populations were defined by the individuals who comprised the previously described reference panel.
Estimating admixture proportions using a finite sample necessarily produces estimates that exhibit a certain level of error due to a sampling bias. However, this error can be estimated via bootstrapping. We developed a technique to reduce the noise associated with the admixture proportions by using the errors to refine the admixture estimates. In this approach, we first computed admixture estimates for all individuals using the entire set of reference individuals and determined the ancestry estimates' standard errors via bootstrapping. In the second step, we determined which individuals from the reference panel significantly contributed to estimation of each PING participants' ancestry based on 95% confidence intervals of the relevant admixture proportions. We then used this subset of individuals from the original reference panel in a subsequent supervised ADMIXTURE analysis to refine the initial admixture estimates. Final admixture estimates were calculated as the average of three separate runs with varying seeds as input for ADMIXTURE. The range of genetic ancestries observed in this sample is summarized in Table 4 . As shown in Table 5 , there is a high degree of agreement between genetically determined ancestry and self-reported ancestry.
Statistical Analyses
We used general additive models (GAMs) to analyze the relationship between age and other variables on the 8 NTCB scores. GAM is a regression methodology similar to the commonly used multiple linear regression, with the exception that specified independent variables or covariates are allowed to have smooth, nonlinear relationships with the dependent variable (Hastie & Tibshirani, 1986) . The type of nonlinearity and degree of smoothness are not prespecified but rather data determined. GAMs replace the assumption of linearity with the assumption of smoothness of the regression fits with age, where "smoothness" is defined as total variation in local curvature as a function of age (Hastie & Tibshirani, 1990) . The degree of smoothing is empirically determined by minimizing an estimate of the predictionsquared error. The model is a procedure that iteratively applies a local regression scatterplot smoother to partial residuals controlling for other variables in the model (Hastie & Tibshirani, 1986 ). Compared to a quadratic fit, this approach is more robust to artificial effects (i.e., artificial peaks and no asymptotes) that have been observed in developmental data in other contexts (Fjell et al., 2010) . GAMs can also incorporate traditional linear terms in addition to the smooth terms. In these analyses age was entered as a smoothly-varying independent variable and the covariates (sex, SES, GAFs) were entered as linear variables. For each NTCB score, a chi-square test was performed to determine whether the effect of age was non-linear or if a linear term was sufficient to describe the dependence of the NTCB score on age. Subsequently, we fitted three nested GAMs for each NTCB score, each subsequent model including all of the terms in the prior model. The base model consisted of a smooth of age, a linear term for sex, and a smooth interaction between sex and age. The second model included the two separate SES variables (i.e., parental education and household income) in addition to the base model; SES variables considered were highest education of the parents and annual family income, both added as linear terms. The third model added genetic ancestry factors (GAFs) as linear terms. For each pair of nested models we computed R-squared statistics and performed chi-square tests to determine whether the added terms represented a significant contribution over and above the terms already in the model.
Because the NTCB measures used in this study are raw scores, and they were administered to such a wide age range, it is expected that age will account for a large proportion of the variability in NTCB scores, making the contribution of SES and GAFs appear less meaningful than they might otherwise be when looking at children of the same age. Thus, we computed Cohen's f 2 effect size estimates (Cohen, 1988) to compare the base+SES +GAF model to the base model. Cohen's f 2 is an effect size used to estimate the proportion of explained (vs. unexplained) variation uniquely accounted for by a set of independent variables over and above that accounted for by all other variables in the model (Selya, Rose, Dierker, Hedeker, & Mermelstein, 2012) . As such, it provides a more meaningful estimate of the contribution of these additional sociocultural factors when age is already accounted for. Cohen's f 2 is interpreted by convention in terms of small (.02), medium (.15), or large (. 35) effects (Selya et al., 2012) . Figure 1 shows the nonlinear age functions for each NTCB test score by sex. As expected, there were large and highly significant increases in the 8 NTCB scores with age. All models indicated a significant improvement when age was included as a smooth non-linear term in the model compared with models that included age as a linear term. The magnitude of increase in DCCS, Flanker, Attention, PSMT, and List Sorting scores with age was stronger for the younger children than the older children and adolescents (Figure 1 , panels A to E). Scores on the Picture Vocabulary, Oral Reading Recognition, and Pattern Comparison Processing Speed tests showed strong positive increases with age into adolescence (Figure 1 , panels F to H).
Results
When adjusted for age, sex explained a significant but small additional portion of individual variance in the DCCS (2.2%, p = .00029), List Sorting (2.1%, p = .022) and Pattern Comparison (2.4%, p = .0053) scores (Figure 1 , panels A, E, and H). Males had significantly lower scores on the DCCS and Pattern Comparison tests than females, while males had significantly better performance than females on the List Sorting test. Performance across the other 5 NTCB scores showed no significant age x sex interactions and there were no significant sex differences in performance across the other 5 NTCB scores. Table 6 shows R 2 statistics for the general additive models (GAMs) for each NTCB measure. The base model (age and sex) accounts for 53.8% (PSMT) to 73.4% (Oral Reading Recognition) of the variability in NTCB scores. The addition of SES to the base model accounts for an additional 1% to 2% of the variance in most measures, with the exception of Picture Vocabulary, for which it accounts for an additional 6.3% of the variance. The addition of genetic ancestry factors (GAFs) to the base+SES accounts for an additional .5% to 1% of the variance over and above SES for most NTCB scores, except for Vocabulary, for which it contributes an additional 2.3%. Table 7 shows the chi-square tests used to compare nested models. Chi-square statistics for the comparison of base and base+SES models indicate that the contribution of SES is significant at the p < .0001 level for all NTCB measures. For the comparison between base+SES and the base+SES+GAF models, the contribution of GAF is significant at the p < .0001 level for all NTCB measures except Flanker, DCCS, and Pattern Comparison (which were still significant at the p < .001 level).
The f 2 statistics are shown in Table 8 for comparison of the base+SES+GAF with the base model. In most cases the effect sizes associated with the addition of SES and GAF to the model were small. However, the effect sizes for the Oral Reading Recognition Test (f 2 = . 137) and the Picture Vocabulary Test (f 2 = .317) were medium and large, respectively.
Discussion
These results demonstrate the age-related variation in performance on the NIH Toolbox Cognition Battery across 1020 typically developing children, adolescents, and young adults from ages 3 to 20 who were diverse in terms of SES and race/ethnicity. These results clearly demonstrate that performance on the NTCB does not change with age in a simple linear or polynomial manner. The use of general additive models appeared to have important advantages for estimating and describing the age-related changes in performance across this set of neuropsychological variables in a pediatric sample.
Because age accounted for such a large portion of the variability in NTCB scores, the relative contributions of SES and race/ethnicity (genetic ancestry factors (GAFs)) appear small (changes in R 2 ranging from 1% to 6% depending on the test and model). Clinicians and researchers are more accustomed to comparing performance among patients or study participants with that of other children of the same age and therefore looking at the contribution of these sociocultural factors in the context of this age variability may not be very useful. As such, we used the Cohen's f 2 effect size to estimate the importance of considering sociocultural information when predicting performance of the NTCB measures after age and sex have already been accounted for. When comparing the models in this way, the addition of SES+GAF added relatively little to the prediction of most of the NTCB scores. However, the addition of these variables made an important contribution to prediction of the Oral Reading Recognition and Picture Vocabulary Test scores, resulting in medium and large improvements in the prediction of these scores, respectively. These results suggest that sociocultural factors may be particularly important when interpreting performance on language measures in children and adolescents. Researchers and clinicians frequently use measures of vocabulary as a proxy for general intelligence, and those using the NTCB may use the Picture Vocabulary Test as such a proxy in the future. Here we show that this measure is particularly sensitive to variables likely to index sociocultural factors; i.e., an estimated 32% of the variance in performance on the Picture Vocabulary Test not accounted for by age and sex was shared with the SES and GAF measures.
The overall results appear to be similar to those reported for a smaller sample of 208 typically developing children (120 3-to 6-year-olds and 88 8-to 15-year-olds) in the validation study . A revised version of the NIH Toolbox Cognition Battery is currently available at no or minimal cost to researchers (www.nihtoolbox.org) with normative data available from over 2500 participants for each year of age from 3 to 17, and for adults ages 18 to 85. In the future we plan to transform the NTCB scores from the entire PING dataset in order to provide researchers with results that are comparable with this revised version of the NTCB. These transformations are likely to be minimal in most cases. However, the test developers elected to use the keyboard rather than a touchscreen for input in this revised version, making transformation of scores difficult for the three speeded tasks (Dimensional Change Card Sort Test, Flanker Inhibitory Control and Attention Test, and Pattern Comparison Processing Speed Test) . It is typically quite challenging to engage young children in reaction time tasks and obtain valid results (Akshoomoff, 2002) , and there is continuing discussion in the neuropsychological community regarding the use of a touchscreen in testing. Although the standard method of administration in the new version of the NTCB will not use a touchscreen, examiners may still have the option of using a touchscreen if they are not concerned about standardizing scores using normative data that was collected without it. This may be an attractive option to some investigators, as observations by PING investigators suggest that the touchscreen may be significantly more engaging for younger children than the use of a mouse, keyboard, or button box. In this case, PING data may also be useful as alternative normative data for touchscreen administration.
The NTCB version of the DCCS appears to be significantly limited in its utility for measuring cognitive flexibility in children under age 7. Over 40% of the 3-to 6-year-olds in this sample were unable to execute the switching demands of this test, thereby failing to meet the performance criteria during the practice trials. A smaller percentage of younger children were unable to meet the practice criteria for the Flanker Inhibitory Control and Attention Test and the List Sorting Working Memory Test. These limitations were also reported in the validation study . In addition, the younger children had relatively poor performance during the test trials for these three tests. This resulted in scores on the DCCS, Flanker, and Attention measures for many of the youngest children that reflected only accuracy while the scores for the older participants were weighted for their speed of processing. The resulting bimodality and discontinuity in the age-distribution of the scores is clearly visible in Figure 1 (panels A, B , and C). It is unclear how these distributional anomalies affect the sensitivity of these measures in children under the age of 7. A substantial portion of this PING subsample also appeared to have ceiling level performance on the PSMT (Figure 1, panel D) . These results indicate that longer sequences should have been available for older children and adolescents who achieved perfect performance on the lists that are presented. Test results are scored using item response theory in the revised version of the PSMT in the NTCB and may improve this limitation. Like the Picture Vocabulary test, the revised version of the Oral Reading Recognition test uses a computerized adaptive format and provides a theta score based on item response theory. This modification is likely to reduce administration time while providing an accurate estimate of the individual's oral reading abilities.
This study also has some limitations. The number of younger children included in this sample, particularly those between the ages of 3 and 5 years, was relatively small. This was primarily due to the fact that it was more challenging to recruit young children who were willing and able to cooperate with the MRI requirements of the PING study. This may have biased the generalizability of the results from the younger participants to some degree.
In summary, here we present the neuropsychological test data from the NTCB acquired within the Pediatric Imaging, Neurocognition and Genetics (PING) Study. This represents a unique dataset comprising behavioral measures from a sample of typically developing children spanning the age range from preschoolers to young adults. It is the largest dataset using the new NTCB in children and adolescents yet to be reported. The results highlight both the remarkable strengths and a few limitations of these new computerized assessment measures for use in neurodevelopmental research. The strengths include their sensitivity to neurodevelopmental effects and their efficiency. In addition to the expected age effects on performance, these results also indicate the particular impact of sociocultural variables on performance for two of the measures. Limitations are observed in the form of some ceiling effects in older children on some tasks and floor effects, particularly on executive function tests, in the youngest participants.
In the PING Data Resource, these neuropsychological data are accompanied by multimodality imaging measures and high-density SNP genotyping information. PING data will be made available to the entire research community for data mining and data exploration in the near future. This project is among the first large coordinated projects to address the important aim shared by both the National Institutes of Health and the research community generally to create larger, more powerful data repositories through data sharing. Such initiatives are critical to our success in increasing the scientific yield of research dollars spent to address shared aims. It is likely that answers to many of the most important questions posed in neurodevelopmental research can best be obtained from complex, multidimensional models feasible only in the context of very large corpora of data. PING consortium investigators fully endorse and are observing first hand the value of such data sharing initiatives. NIH Toolbox Cognition Battery scores for individual subjects plotted against age. Lines show fit from GAMs by sex, controlling for SES and GAF by setting these values to their sample means. Table 2 Socioeconomic status characteristics of the study sample. Table 6 Results from the GAMs (*** p<.001) to estimate the relationship between each of the 8 NIH Toolbox Cognition Battery scores and the base model (a smooth of age, a linear term for sex, and a smooth of the interaction between sex and age), the second model (base model + SES added as a linear term), and the third model (base model + SES and GAF added as linear terms). Table 7 Chi-square values for each pair of nested models demonstrating the significance of the addition of SES and GAF to the terms already in the model .077
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